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Executive Summary

This report presents the Feasibility Study (FS) for Site 11, the former School of Music Plating
Shop at Naval Amphibious Base (NAB) Little Creek. This FS is prepared by CH2M HILL
under the Naval Facilities Engineering Command (NAVFAC), Atlantic Division
Comprehensive Long-Term Environmental Action Navy II (CLEAN II) Contract N62470-95-
D-6007, Contract Task Order (CTO) 0159, for submittal to NAVFAC, the United States
Environmental Protection Agency (USEPA), and the Virginia Department of Environmental
Quality (VDEQ).

~Contamination at Site 11 consists of a volatile organic compound (VOC) groundwater
plume including a residual source area (sorbed mass and aqueous phase contaminants) and
a down-gradient plume. This site is located in the eastern portion of the base, near the
intersection of Seventh and E Streets and consisted of the plating shop (Building 3651), an
in-ground concrete tank used to neutralize plating solutions, and its associated piping. The
tank and associated soil and piping have been removed.

This FS summarizes the nature and extent of the contaminated groundwater at Site 11,
defines the remedial action objective (RAO), evaluates remedial action alternatives for the
RAOQO, and identifies the applicable or relevant and appropriate requirements (ARARs).
Following screening of groundwater treatment technologies of the source and plume area,
the three alternatives retained for detailed evaluation and comparative analysis include:

Alternative 1 - No Action
Alternative 2 - Enhanced Reductive Dechlorination (ERD)

Alternative 3 - Electrical Resistance Heating (ERH) and Enhanced Reductive
Dechlorination (ERD)

This FS provides a detailed analysis of each alternative against the National Oil and
Hazardous Substance Pollution Contingency Plan (NCP) criteria followed by the
comparative analysis of the remedial alternatives against one another. Alternative 1 is
required by the NCP as a baseline. It does not meet the statutory requirements of the NCP
and is not a viable remedial action for this site. In comparison to Alternative 2, Alternative 3
is more difficult and more costly to implement and has lower short-term effectiveness.
Alternative 2, which would enhance the active biological degradation of site VOCs, meets
the NCP criteria and was selected as the preferred alternative for Site 11.
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SECTION 1

Introduction and Background

This report presents the Feasibility Study (FS) for Site 11, the former School of Music Plating
Shop at Naval Amphibious Base (NAB) Little Creek. This FS report is prepared by

CH2M HILL under the Naval Facilities Engineering Command (NAVFAC), Atlantic Division
Comprehensive Long-Term Environmental Action Navy II (CLEAN II) Contract N62470-95-
D-6007, Contract Task Order (CTO) 0159, for submittal to NAVFAC, the United States
Environmental Protection Agency (USEPA), and the Virginia Department of Environmental
Quality (VDEQ). The FSis prepared in accordance with the process outlined in the Navy’s
Installation Restoration (IR) Program, which is consistent with the National Oil and
Hazardous Substance Pollution Contingency Plan (NCP) and Section 120 of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as
amended by the Superfund Amendments and Reauthorization Act (SARA).

Previous investigations have identified a groundwater plume containing volatile organic
compounds (VOCs) associated with the former School of Music Plating Shop and
neutralization tank. The nature and extent of contamination and human health risk
assessment (HHRA) are documented in the Site 11 Supplemental Remedial Investigation
(SRI) report (CH2M HILL, June 2004) and the Site 11 Revised HHRA, SRI Addendum
(CH2M HILL, January 2006). There are no unacceptable ecological risks identified at Site 11
(CH2M HILL, June 2000). Additional soil and groundwater sampling and analyses were
completed in 2005 as part of development of this FS; results of the 2005 investigations are
documented herein. :

The objectives of this FS are to evaluate remedial alternatives to prevent unacceptable risk
exposure to groundwater and reduce the concentration of VOCs in groundwater to levels
that allow for unlimited use and unrestricted exposure at Site 11. The FS develops and

evaluates remedial alternatives to meet the remedial action objective (RAO) and identifies
applicable or relevant and appropriate requirements (ARARs) and to-be-considered (TBC)

criteria.
This FS report is composed of the following sections:

Executive Summary

Section 1.0 - Introduction and Background

Section 2.0 - Remedial Action Objective and Applicable or Relevant and Appropriate
Requirements

Section 3.0 -Screening of Remedial Technologies and Identification of Remedial Alternatives

Section 4.0 - Evaluation of Remedial Alternatives

Section 5.0 - Rationale for the Preferred Alternative

Section 6.0 - References

Figures and tables referenced within the text are provided at the end of the text. Appendices

are provided at the end of the report.
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FEASIBILITY STUDY SITE 11 - SCHOOL OF MUSIC PLATING SHOP

1.1 Site Description and History

NAB Little Creek is primarily an industrial facility and provides logistic facilities and
support services for local commands, organizations, home-ported ships, and other units to
meet the amphibious warfare training requirements of the Armed Forces of the United
States. In addition to industrial land-use, NAB Little Creek is also used for recreational,
commercial, and residential purposes. The location of NAB Little Creek is shown in
Figure 1-1.

The area surrounding the 2,215-acre NAB is low lying and relatively flat with several fresh
water lakes. Chubb Lake, Lake Bradford, Little Creek Reservoir/Lake Smith, and Lake
Whitehurst are located on, or adjacent to, the base. Little Creek Reservoir/Lake Smith,
located south of the base, serves as a secondary drinking water supply for parts of the city of
Norfolk. NAB Little Creek is bordered by three saltwater bodies: Little Creek Cove, Desert
Cove, and Little Creek Channel, which connects the coves with the Chesapeake Bay. The
Chesapeake Bay borders the facility to the north.

1.1.1 Site History

Site 11 is located in the eastern portion of the base, near the intersection of Seventh and

E Streets (Figure 1-2). The site consisted of the plating shop (Building 3651), an in-ground
concrete tank used to neutralize plating solutions, and its associated piping. The tank was
approximately 10 feet (ft) east of the south corner of Building 3651. Use of the neutralization
tank took place between 1964 and 1974. Small quantities of plating baths, acids, and lacquer
strippers were disposed of down the sink in the plating shop which drains into the
neutralization tank and eventually into the storm sewer system. Reportedly, 10 gallons of
plating solutions were disposed in the shop sinks each year. There are no records of
chlorinated solvents such as trichloroethene (TCE) being used at Site 11, however
degreasing solvents such as TCE and 1,1,1-trichloroethane (TCA) have historically been
associated with operations at similar plating shops.

The neutralization tank, piping, and surrounding soil were excavated in 1996 (Figure 1-2).
Subsurface soil samples were taken from the excavation and groundwater samples were
collected from the three existing monitoring wells to confirm the effectiveness of the
removal action (Figure 1-3). Four VOCs were detected in groundwater above the maximum
contaminant level (MCL). The maximum detected concentration of each VOC exceeding the
MCL is: 490 microgram (ng)/liter (L) TCE, 340 pg/L 1,1,1,-TCA, 34 pg/L 1,1-dichloroethene
(DCE), and 17 pg/L 1,1-dichloroethane (DCA).

1.1.2 Site Characteristics

The hydrogeologic setting at Site 11 includes the unconfined coastal plain sands and silts of
the Columbia Aquifer that extends approximately 20 to 25 ft below ground surface (bgs).
The water table ranges in depth from 5 to 7 ft bgs. The hydrogeology is depicted in cross-
section on Figure 1-4. The Columbia Aquifer is underlain by a clay-confining unit
(Yorktown Confining Unit) that ranges in thickness from 30 to 40 ft. The confined Yorktown
Aquifer underlies the confining clay and extends to a depth of 280 ft in the area of NAB
Little Creek (Meng and Harsh 1988). As evidence by the general absence of VOCs detected
in the Yorktown Aquifer and the low vertical permeability of the confining clay (between
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1 - INTRODUCTION AND BACKGROUND

1.56 x 108 and 3.0 x 107 centimeters/ second) there is little risk of contamination moving
from the Columbia Aquifer to the Yorktown Aquifer.

Groundwater flow in the Columbia Aquifer near Site 11 is generally east to west, but is
locally influenced by a sanitary sewer system paralleling Gator Boulevard (Figure 1-2),
where groundwater flow immediately north of the sewer line is to the south and flow
direction immediately south of the sewer line is to the north (CH2M HILL, June 2004).
Groundwater gradients are relatively flat. The average groundwater flow velocity in the
Columbia Aquifer at Site 11 has been calculated to be approximately 110 ft/year (yr).
Groundwater flow in the Yorktown Aquifer is to the northwest, toward the Chesapeake Bay
(CH2M HILL, June 2004). ’

1.2 Previous Investigations

A summary of previous investigations at NAB Little Creek is provided in Table 1-1. NAB
Little Creek initiated environmental investigation efforts under the Navy Assessment and
Control of Installation Pollutants (NACIP) Program by conducting an Initial Assessment
Study (IAS) in 1984 followed by a Round 1 Verification Step (RVS) in 1986.

An Interim Remedial Investigation (IRI) was completed in 1991 and a Remedial
Investigation (RI)/FS report was completed in 1993. Subsequent to the RI/FS, a decision
document was issued in November 1994 (FWES, November 1994a), proposing removal of
the neutralization tank, associated piping, and neighboring surface and subsurface soil. The
neutralization tank, piping, and surrounding soil were excavated in 1996. An Interim
Removal Action closeout report was completed in 1996 (IT Corporation, May 1996). The
results of post-removal action sampling are documented in Final Groundwater Monitoring
Report, Sites 5 and 11, Naval Amphibious Base Little Creek, Virginia Beach, Virginia

(CH2M HILL, February 1998). Additional groundwater sampling was recommended to
further define the extent of VOCs in groundwater.

Ecological Risk Assessment (ERA) 2000

A screening ecological risk assessment (SERA) for Site 11 was completed in June 2000
(CH2M HILL, June 2000). The SERA concluded potential ecological risks at Site 11 are
negligible based on the lack of complete and significant exposure pathways, and no further
action was recommended for ecological resources.

Delineation Investigations 2001-2003

A Membrane Interface Probe (MIP) investigation was conducted in 2001 to further
characterize the extent of VOCs in groundwater. Direct-push samples for off-site laboratory
analysis were collected to confirm the MIP results. The results indicated that there had not
been significant degradation of TCE (CH2M HILL, June 2004).

An Environmental Security Technology Certification Program (ESTCP) funded pilot test
was conducted at Site 11 in 2002 to evaluate the in situ removal of organic contaminants
from groundwater through the injection and extraction of a cyclodextrin (CD) solution
(Boving et al., 2003). Six wells were installed for this study and follow-up groundwater
sampling was completed in January 2003. A second MIP investigation was conducted in
September 2003 to further assess the efficacy of the CD solution on the groundwater at the

WDC030970004.ZIP/KTM 1-3
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FEASIBILITY STUDY SITE 11 - SCHOOL OF MUSIC PLATING SHOP

site. The field activities and findings associated with these 2003 mvestigations are
documented in Technical Memorandums “Summary of Site 11 Cyclodextrin Pilot Study Post-
Treatment Groundwater Sampling”, NAB Little Creek, Virginia Beach Virginia (CH2M HILL,
July 2003), and “NAB Little Creek Sites 11, 11a, and 13 Membrane Interface Probe Investigation
and Confirmation Sampling” (CH2M HILL, November 2003).

Supplemental Remedial Investigation (SRI) 2004

A SRI was completed in 2004 that incorporated data from 1996 through 2001. The SRI
identified three inorganic contaminants of potential concern (COPCs) in surface soil (iron,
manganese, and thallium) and two inorganic COPCs in groundwater (iron and chromium).
Additionally, one semi-volatile organic compound (SVOC) [pentachlorophenol (PCP)] and
two chlorinated VOCs (TCE and 1,1-DCE) were identified as COPCs in groundwater. The
SRI concluded that VOCs in groundwater are limited to the lower portion of the Columbia
Aquifer in the area of the former plating shop neutralization tank and extend south beneath
the School of Music building to Gator Boulevard.

The SRIHHRA was completed for Site 11 based on data collected in 1998 and 1999.
Groundwater samples collected following the CD pilot study (2003 through 2005) indicated
degradation of parent VOCs. To effectively evaluate remedial action alternatives in this FS,
human health risks associated with exposure to VOCs in groundwater were reevaluated
and are documented in the Site 11 Revised HHRA SRI Addendum (CH2M HILL, January
2006). Based on background concentrations and the calculated potential risk from central
tendency (CT) exposures, the Navy in partnership with the VDEQ and USEPA determined
there were no unacceptable human health risk associated with exposure to inorganic
constituents in groundwater and soil at Site 11 (CH2M HILL, January 2006). PCP was
retained as. an SVOC COPC. A summary of the VOC COPCs posing potential unacceptable
risk to be : addressed by this FS are summarized in Table 1-2.

Vapor Intrusion Investigation 2005

To address potential vapor intrusion of VOCs from groundwater into the School of Music
(Building 3602), a site visit was conducted and groundwater samples from the top of the
water table aquifer and a water sample from the basement sump for VOC analyses were
collected in May 2005. This effort concluded that there are limited pathways for soil gas to
intrude into the building as the first floor was under a positive pressure relative to the
basement mechanical room, and there were no VOCs detected in six of the eight shallow
groundwater samples. Only chloromethane (1.7 pg/L) and TCE (6.3 ng/L) were detected at
very low concentrations. There were no VOCs detected in the sample collected from the
basement sump. VOC concentrations at the top of the water table are well below risk
screening levels determined using the Johnson and Ettinger model. The vapor intrusion
assessment concluded even in the event of conditions promoting vapor intrusion,
concentrations of VOCs in groundwater will not represent unacceptable human health risks
from vapor intrusion inside the School of Music building. Results are presented in Vapor
Intrusion Assessment, Site 11, Naval Amphibious Base Little Creek (CH2M HILL, 2005;
Appendix A).
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1 - INTRODUCTION AND BACKGROUND

Pre-Feasibility Study Investigations 2005

Groundwater sampling for VOC analysis was conducted at Site 11 in March 2005 to support
evaluation of remedial action alternatives. Additional soil and groundwater sampling was
completed in October 2005 to further support analysis of remedial action alternatives for the
FS. The sampling protocol and results are provided in Appendix B.

Total VOC concentrations in groundwater samples collected from the Columbia Aquifer
exceeded 100,000 ug/L in the area of the former neutralization tank. Figure 1-5 illustrates
the total VOC concentrations in groundwater and identifies highest concentration source
area. Although DNPL was not identified, individual VOC concentrations in soils in the
source area exceeded 10,000 pg/kilogram (kg) at the top of the Yorktown Confining Unit;
the greatest concentration was 25,000 pg/ kg of TCE. In the lower portion of the Columbia
Aquifer the maximum individual VOC concentration in soil was 600 pg/kg of cis-1,2-DCE.
In the upper portion of the Columbia Aquifer the maximum individual VOC concentration
in soil was 55 pg/kg of TCE.

Microbial analysis verified the presence of healthy microbial populations capable of
biodegradation of chlorinated VOCs. Total oxidant demand (TOD) was analyzed using
sodium persulfate as the oxidant. Results ranged from 1.9 to 3.7 gram (g)/ kg of sodium
persulfate in the lower portion of the Columbia Aquifer and 11 to greater than 19.5 g/kg of
sodium persulfate in the Yorktown Confining Unit. These values were not unexpected
based on the elevated concentrations of total organic carbon (TOC) in soil (Appendix B).
Geotechnical analysis including soil characterization, grain size, moisture content, and
porosity was also completed; the results are provided in Appendix B.

1.3 Nature and Extent of Contamination

The former Plating Shop neutralization tank was the source of VOCs in groundwater. The
neutralization tank, associated piping, and surrounding soil have been removed. VOCs
released from the former neutralization tank migrated into the subsurface and were further
transported through the groundwater system via dissolution, advection, and dispersion.
Groundwater flow is towards the south and southeast, and is influenced by a leaking
sanitary sewer line along Gator Boulevard. The current groundwater infiltration rate is
approximately 10 gallons per minute (CH2M HILL, June 2004). A detailed evaluation of the
site conceptual model, including nature and extent, and contaminant fate and transport, is
documented in the Supplemental Remedial Investigation for Site 11 (CH2M HILL, June 2004).

Groundwater contamination at Site 11 includes a residual source area (sorbed mass and
aqueous phase contaminants) and a down-gradient plume consisting predominantly of
dissolved-phase contaminants (Figure 1-5). Residual dense non-aqueous phase liquid
(DNAPL) may be indicated if dissolved phase concentrations are greater than or equal to 1%
of the maximum aqueous solubility. Since the CD pilot test, no TCE or 1,1,1-TCA
concentrations have been detected in groundwater samples above 1% of its maximum
aqueous solubility. Because cis-1,2-DCE was never used at the site in pure form and has
only been detected at concentrations of 1% of its maximum aqueous solubility following the
CD pilot study, its presence is likely due to the degradation of TCE and not the presence of
DNAPL.

WDC030970004.ZIP/KTM 1-5



FEASIBILITY STUDY SITE 11 - SCHOOL OF MUSIC PLATING SHOP

TCE was detected at a concentration above its 1% of maximum solubility level (11,000 pg/L)
in well LS11-MW5D once in 1998. Subsequently in 1999 and later, TCE concentrations in
groundwater samples from this well were significantly below 11,000 pg/L. This suggests
that only a dissolved phase plume is present in this area (i.e., no DNAPL). Based on these
groundwater data and the site history, the area selected for source area remedial action
consideration includes the area treated during the CD pilot test. This area is shown in Figure
1-5.

The target depth interval for the remedial action is the bottom 3 to 5 ft of the shallow
surficial aquifer, just above the clay layer present at the site at approximately 21 to 23 ft bgs.
Previous groundwater sampling has shown that the groundwater contamination is highly
stratified, with the interval just above the clay containing the greatest concentrations of
contaminants. Shallower groundwater contains much lower VOC concentrations.

Prior to implementation of a remedial action, the sanitary sewer intercepting groundwater
flow will be repaired. Following repair of the sanitary sewer, remedial actions will not be
implemented until the aquifer has re-equilibrated and an additional round of groundwater
level gauging is conducted to verify groundwater velocity and direction. Based on these
observations, the number and alignment of injection and monitoring wells may be modified.

1-6 WDC030970004.ZIP/KTM



SECTION 2

Remedial Action Objective (RAO) and
Applicable or Relevant and Appropriate
Requirements (ARARs)

This section discusses the NCP and CERCLA objectives, identifies the Site 11 RAO and
ARARs for the remedial actions considered in this FS.

2.1 NCP and CERCLA Objectives

The NCP requires that the selected remedy meet the following:

e Each remedial action selected shall be protective of human health and the environment
[40 Code of Federal Regulations (CFR) 300.430 (f)(ii)(A)].

e Onsite remedial actions that are selected must attain those ARARs that are identified at
the time of the Record of Decision (ROD) signature [40 CFR 300.430 (f)(ii)(B)]-

e Each remedial action selected shall be cost-effective, provided that it first satisfies the
threshold criteria set forth in §300.430(f)(1)(ii)(A) and (B). A remedy shall be cost-
effective if its costs are proportional to its overall effectiveness.

e Each remedial action shall use permanent solutions and alternative treatment
technologies or resource-recovery technologies to the maximum extent practicable
{40 CFR 300.430 (f)(ii)(E)).

The statutory scope of CERCLA was amended by SARA to include the following general
objectives for remedial action at all CERCLA sites:

e Remedial actions “shall attain a degree of cleanup of hazardous substances, pollutants,
and contaminants released into the environment and of control of further releases at a
minimum which assures protection of human health and the environment” (Section
121(d)(1)).

e Remedial actions in which treatment that “permanently and significantly reduces the
volume, toxicity, or mobility of the hazardous substances, pollutants, and contaminants
is a principal element are to be preferred” (Section 121(b)(1)). If the treatment or
recovery technologies selected are not a permanent solution, an explanation must be
published (Section 121 (b)(1)(G)).

e The least-favored remedial actions are those that include “offsite transport and disposal
of hazardous substances or contaminated materials without treatment” where
practicable treatment technologies are available (Section 121(b)(1)).

WDC030970004.ZIP/KTM 2-1



FEASIBILITY STUDY SITE 11 — SCHOOL OF MUSIC PLATING SHOP

* The selected remedy must comply with or attain the level of any standard, requirement,
criteria, or limitation under Federal environmental law or any promulgated standard,
requirement, criteria, or limitation under a State environmental or facility siting law that
is more stringent than any Federal standard, requirement, criteria, or limitation (Section
121(d)(2)(A)).

2.2 Remedial Action Objective

The only media of concern at Site 11 is groundwater. No unacceptable ecological risks are
identified at Site 11. Remedial actions are developed for consideration to ensure protection
of human health and to cost-effectively minimize disruption to the Base Mission and
existing facility operations.

The RAO for the protection of human health and the environment for Site 11 groundwater
is:

* Reduce concentrations in groundwater to the maximum extent practicable and maintain
land use controls until concentrations allow for unlimited use and unrestricted exposure
at Site 11.

2.2.1 Development of Risk-Based Preliminary Remediation Goals (PRGs)

Preliminary Remediation Goals (PRGs) were developed for constituents with concentrations
contributing appreciably to unacceptable risks and hazards from exposure to groundwater
within Site 11. Based on the SRIHHRA (CH2M HILL, June 2004) and the Revised HHRA,
SRI Addendum (CH2M HILL, January 2006), COPCs were identified as those constituents
with cancer risks exceeding 10+, or hazard index exceeding 1. The COPCs include one
SVOC (PCP) and 13 VOCs, and are identified in Table 1-2.

To achieve remedial action objectives for unlimited use and unrestricted exposure,
remediation goals are established as the MCL to the extent practicable. Because there is no
established MCL for 1,1-DCA, a PRG was calculated using the same exposure assumptions
used in the human health risk assessment and equations from the Risk Assessment Guidance
for Superfund Volume 1, Part B (USEPA, December 1991) (Appendix C). To achieve remedial
action objectives for unlimited use and unrestricted exposure, remediation goals are
established as the MCL to the extent practicable.

The remediation goals for Site 11 groundwater are presented in Table 2-1.

2.3 Applicable or Relevant and Appropriate Requirements
(ARARs) |

As required by Section 121 of CERCLA, remedial actions carried out under Section 104 or
secured under Section 106 must attain the levels of standards of control for hazardous
substances, pollutants, or contaminants specified by the ARARs of federal and state
environmental laws and state facility-siting laws, unless waivers are obtained. According to
/BEPA guidance, remedial actions should also bgbased on non-promulgated To-be-
considered (TBC) criteria or guidelines if the ARARs do not address a particular situation.
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ARAREs are identified by the USEPA as either being applicable to a situation or relevant and
appropriate to it. '

“ Applicable requirements” are standards and other environmental protection requirements
of federal or state law dealing with a hazardous substance, pollutant, contaminant, action
being taken, location, or other circumstance at a CERCLA site.

“Relevant and appropriate requirements” are standards and environmental protection
criteria of federal or state law that, although not “applicable” to a hazardous substance,
pollutant, contaminant, action being taken, location, or other circumstance, address
problems or situations sufficiently similar to those encountered at the CERCLA site that
their use is well suited to the particular site. A requirement that is relevant and appropriate
must be met as if it were applicable. TBC criteria are non-promulgated advisories or
guidance issued by federal or state government that are not legally binding, and do not have
the status of potential ARARs. TBCs are evaluated along with ARARs and may be
implemented by USEPA when ARAR:s are not fully protective of human health and the
environment.

Onsite CERCLA response actions must meet substantive requirements but not
administrative requirements. Substantive requirements are those dealing directly with
actions or with conditions in the environment. Administrative requirements implement the
substantive requirements by prescribing procedures such as fees, permitting, and inspection
that make substantive requirements effective. This distinction applies to onsite actions only;
offsite response actions are subject to all applicable standards and regulations, including
administrative requirements such as permits.

Three classifications of requirements are defined by USEPA in the ARAR determination
process: chemical-specific, location-specific, and action-specific. These classifications are
described below. The remedial action alternatives developed in this FS were analyzed for
compliance with the potential Federal and State ARARs, and are provided in Appendix D.

Chemical-specific ARARs are health or risk management-based numbers or methodologies
that result in the establishment of numerical values for a given medium that would meet the
NCP “threshold criterion” of overall protection of human health and the environment.
These requirements generally set protective cleanup concentrations for the chemicals of
concern in the designated media, or set safe concentrations of discharge for response
activity. Federal and Commonwealth of Virginia chemical-specific regulations that have
been reviewed are summarized in Appendix D.

Location-specific ARARs restrict response activities and media concentrations based on the
characteristics of the surrounding environments. Location-specific ARARs may include
restrictions on response actions within wetlands or floodplains, near locations of known
endangered species, or on protected waterways. Federal and Commonwealth of Virginia
location-specific regulations that have been reviewed are summarized in Appendix D.

Action-specific ARARs are usually technology- or activity-based requirements or limitations
on actions taken with respect to hazardous substances. Federal and Commonwealth of
Virginia action-specific ARARs that may affect the development and conceptual
arrangement of response alternatives are summarized in Appendix D.
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SECTION 3

Screening of Remedial Technologies and
Identification of Remedial Alternatives

General response actions are broad responses, remedies, or technologies developed to meet
site-specific RAO(s) and address COPCs, migration pathways, and exposure routes. The
general response actions listed below have been identified for the remediation of Site 11:

e No Action

e In situ Treatment

¢ Land Use Controls
e Monitoring

The No Action response is included in accordance with the NCP to serve as a baseline for
evaluation of the remedial actions.

In situ Treatment response actions are in situ methods of reducing the toxicity, mobility, or
volume of contaminants in groundwater. Treatment technologies include biological and
physical processes.

Land Use Controls (LUCs) consist of a number of alternatives that can be used alone or as
part of another response action. LUCs include activities such as restricting groundwater use
though land-use restrictions, deed restrictions, or access restrictions.

The Monitoring response action includes a groundwater sampling program to assess the
behavior of contaminants over time, natural processes attenuating the contaminants, and
performance of an active remediation.

Prior to implementing any alternative, the sanitary sewer line located south and east of Site
11 would be repaired. Following this repair, another round of groundwater samples,
including water levels should be performed to confirm the extent of the plume, existing
geochemical groundwater quality, baseline data and groundwater velocity and direction.

3.1 Screening of Remedial Technologies

Remediation of COPCs in groundwater at Site 11 is required to address potential
unacceptable risks. Groundwater contamination to be addressed by the remedial
alternatives consists of the “source” and the “plume.” The source area at Site 11 is
characterized by the highest groundwater concentrations and sorbed phase constituents.
The plume area includes the entire area of groundwater contamination that consists
predominantly of dissolved-phase constituents. The source and plume area at Site 11 are
illustrated in Figure 1-5. The technologies were screened separately for the source and the
plume to allow for the selection of the most appropriate technology for each area.
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An initial review of the available technologies was completed; technologies that were
considered unsuitable for the remedial action at Site 11 were screened out early in the
process. This screening process incorporated the Navy’s preference to select a remedy that
would minimize impacts to current land use, and minimize use of technologies requiring
the construction and prolonged (greater than one year) operation of ex-situ systems. The
technologies excluded from further consideration include pump and treat, soil vapor
extraction, and air sparging. Based on the effectiveness of the CD pilot study, further
consideration was not given to co-solvent flushing. Technologies that would not effectively
treat all COPCs (e.g., zero valent iron) were also excluded from further consideration.
Furthermore, in situ chemical oxidation was screened out due to cost and technical
impracticability associated with delivering enough oxidant to meet the elevated site TOD.
The assessment conducted in 2005 (Appendix A) verified there is no concern for potential
vapor intrusion at Site 11. Consequently, vapor intrusion is not anticipated to be a concern
with the implementation of the alternatives provided in this FS, and associated vapor
mitigation and monitoring was not evaluated.

Technologies that were retained for further consideration included those that compliment
the existing reducing conditions and the naturally occurring biodegradation of VOCs.
Enhanced reductive dechlorination (ERD) was selected for further evaluation for treatment
of both the source and the plume. Electrical resistance heating (ERH) was also selected for
further evaluation. However ERH was only evaluated as a treatment technology for the
source area since it is not considered a cost effective technology for the treatment of
dissolved phase VOC plumes.

3.2 Description of Remedial Alternatives

Three remedial alternatives were developed from the technologies retained following the
screening process. These are:

Alternative 1 - No Action
Alternative 2 - Enhanced Reductive Dechlorination
Alternative 3 - Electrical Resistance Heating & Enhanced Reductive Dechlorination

With the exception of Alternative 1 (no action), each of the remedial alternatives evaluated
requires groundwater monitoring and the implementation of LUCs to prevent unacceptable
risk exposure. Monitoring and LUCs would be maintained until groundwater
concentrations allow for unlimited use and unrestricted exposure, with five-year statutory
reviews to ensure protection of human health and the environment.

3.2.1 Alternative 1 — No Action

Alternative 1 is the no-action alternative. Under this scenario, no remedial actions are taken
at Site 11 and contaminants would remain in the groundwater at Site 11.

3.2.2 Alternative 2 - Enhanced Reductive Dechlorination (ERD)

Biological reductive dechlorination is a naturally-occurring, microbially-mediated,
anaerobic process in which chlorine atoms on a parent VOC molecule are sequentially
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replaced with hydrogen. In the reductive dechlorination process, electrons are transferred
from an electron donor source to the VOC compound, which functions as the electron
receptor. Therefore, an external electron donor source is required for the reaction to occur.
Potential electron donor sources include biodegradable organic co-contaminants, native
organic matter, or substrates intentionally added to the subsurface. Deeply anaerobic
(reducing) conditions are required for reductive dechlorination of many VOCs, and
competing electron acceptors such as dissolved oxygen, nitrate, nitrite, manganese(lV),
ferrous iron, and sulfate must be depleted.

The predominant parent COPCs at Site 11 are TCE and 1,1,1-TCA. The principal anaerobic
biodegradation pathway for TCE is:

TCE - cis-1,2-DCE - vinyl chloride (VC) -> ethene-> ethane

The transformation rate for each step varies but tends to become slower with progress along
the breakdown sequence, often resulting in accumulation of 1,2-DCE and VC. Further
breakdown from 1,2-DCE and VC to ethene varies and is based on site specific conditions.

1,1,1-TCA degrades biotically to 1,1-DCA and abiotically to 1,1-DCE. Following this step,
the principal anaerobic biodegradation pathway is:

1,1-DCA - chloroethane = ethane
1,1-DCE =2 VC 2ethene 2 ethane

Complete dechlorination of TCE and 1,1,1-TCA has been occurring and is expected to
continue at Site 11.

Enhanced anaerobic bioremediation of VOCs is implemented by adding a suitable substrate
(soluble or insoluble) to the subsurface. The introduced substrate serves multiple purposes:
depletion of competing electron acceptors, creating strongly reducing conditions, and
producing an electron donor source for reductive dechlorination.

The most commonly used insoluble substrates are Hydrogen Release Compound® (HRC®)
and vegetable oil. Vegetable oil is injected as an emulsified liquid. Linoleic and other long
chain fatty acids in the vegetable oil slowly solubilize in water over time and are broken
down by native microorganisms to lower molecular weight fatty acids such as pyruvate and
propionate. Ultimately, the oil degrades to form acetic acid and hydrogen. The hydrogen
and dissolved organic carbon from the acetic acid are then available to support reductive
dechlorination of chlorinated solvents. Vendors estimate that vegetable oil may serve as an
electron donor for at least a year and as much as three years depending on site specific
conditions, and are typically applied via direct push technology (DPT) points.

Soluble substrates include benzoate, lactate, acetate, propionate, butyrate, methanol,
ethanol, sucrose, molasses, and hydrogen (Hz). These substrates are water soluble, degrade
rapidly, and are transported with groundwater flow. Since these substrates degrade rapidly,
they typically require more frequent injections than insoluble substrates and therefore are
generally dispensed via permanent injection wells.

For the purpose of this FS conceptual design and cost estimate, sodium lactate, a widely-
used and effective soluble substrate, was selected. Sodium lactate is available in 55 gallon
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drums or approximately 2000 gallon totes. It is typically delivered as a 60 % solution. The
cost estimate was prepared assuming multiple injections over time to maintain the electron
donor available for use by dechlorinating bacteria. The repeated substrate injections ”
throughout each year of substrate injection also serves to increase subsurface mixing
thereby enhancing substrate distribution which subsequently allows for increased
degradation of COPCs. To minimize disruption of current land use, the use of a slow-release
organic substrate (e.g., vegetable oil), which requires less frequent injections, may be
substituted for lactate at the onset of the remedial action. However, reducing the number of
injections minimizes subsurface mixing and may consequently increase the length of time
the remedial action is implemented. If COPC degradation is not sufficient, use of the slow-
release organic substrate should be replaced by use of a soluble substrate.

Source Treatment

For treating the source area, an injection well array, with wells spaced on no more than
approximately 15 ft centers, was selected. The existing injection wells (LS11-MW23D, LS11-
MW24D, LS11-MW25D, LS11-MW26D, LS511-MW27D, LS11-MW28D, LS11-MW29D, and
LS11-MW30D), which were installed as part of the CD injection pilot test, are suitable for
substrate injection. These existing wells are constructed of 4 inch-diameter polyvinyl
chloride (PVC) with 5 ft of well screens. Because these wells provide adequate coverage of

. the target source area, no new injection wells are considered necessary.

As shown on Figure 3-1, two new monitoring wells are proposed to monitor the
performance of the ERD process in the source area. One well is located within the target
injection zone and will measure changes in groundwater quality that occur within the
injection zone. The other performance monitoring well is located slightly downgradient of
the injection zone to measure changes in groundwater quality migrating from the source
zone. In addition to these monitoring wells, periodic monitoring of wells L511-MW5S and
LS11-MWDb5D is recommended.

Plume Treatment

TCE concentrations collected from monitoring well L511-MW10D are less than 500 pg/L,
but are greater than concentrations detected in other portions of the downgradient plume.
Therefore, additional treatment in this location was selected to expedite cleanup of this
localized area. To target this area, two injection wells will be installed approximately 10 ft
upgradient of well LS11-MW10D and well LS11-MW10D will be monitored to evaluate the
performance of the ERD process in this area.

A biobarrier, consisting of 23 injection wells spaced at approximately 15 ft centers and
located near the downgradient edge of the plume, was selected based on current
groundwater flow conditions (Figure 3-1). Following repair of the leaky sanitary sewer and
stabilization of groundwater flow, groundwater flow will be re-evaluated for effective
placement of the biobarrier. It is anticipated the injection wells in the biobarrier will be
installed at least 15 to 20 ft from the parking lot and road. This will allow space to install
three downgradient performance monitoring wells in the unpaved area. In addition to these
new wells, well L511-MWO09 will be monitored to evaluate system performance.
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Well Construction

New monitoring wells will be constructed of 2 inch-diameter PVC with 5 ft well screens,
whereas new injection wells will be constructed of 2 inch diameter PVC, with 5 ft
continuous slot (wire-wrapped) well screens. The wells should be constructed to the top of
the Yorktown Confining Unit which is located approximately 23 ft bgs. Soil cores will be
collected via DPT along the proposed biobarrier alignment to ensure that the correct depth
is established prior to injection well installation. To substantiate the proposed biobarrier
location and width, groundwater samples will be collected from DPT locations and
analyzed to confirm the presence of VOCs

Substrate Injection and Performance Monitoring

For the source area and biobarrier injection wells, the target volume of injectate for each
injection event is the amount necessary to achieve a radius of influence (ROI) equal to half of
the distance between each well. For a 5 ft well screen, a target radius of influence of 7.5 ft,
and an assumed effective porosity of 0.20, the target injectate volume per well is
approximately 1,320 gallons.

The injectate solution should initially have a lactate concentration of 1% (10,000 milligrams
(mg)/L). As the treatment progresses and the ERD system matures, this concentration may
increase or decrease based on the system response and frequency of injection. It is difficult
to estimate the treatment time required to achieve adequate reduction in VOCs to allow
active remediation to cease. For the purpose of this FS it was assumed that the source and
plume would receive six substrate injections per year during year zero of the remedial
action. During years one through seven, the source would receive four injections per year,
while the plume would receive three injections per year. 1t is assumed that the source will be
adequately treated after year seven and during years eight through 14, only the plume
would require treatment (at a frequency of 3 injections per year).

Sampling and analysis of the ERD process is important to ensure that effective and optimal
conditions are established for the microorganisms. A proposed performance monitoring
schedule and analyte list is provided in Table 3-1. Additionally, groundwater monitoring
will be required to continue after active remediation ceases if VOC concentrations in
groundwater continue to exceed MCLs.

3.2.3 Alternative 3 - Electrical Resistance Heating (ERH) & Enhanced Reductive
Dechlorination (ERD)

In situ thermal treatment (electrical resistive heating or conductive heating) is an applicable
technology for treatment of high concentrations of dissolved- and sorbed-phase VOCs. This
technology involves the active heating of the subsurface to force volatile contaminants into
the vapor phase where they can vent to the ground surface or be removed by an active
vapor extraction system for ex-situ treatment. Thermal treatments also typically vaporize
some or all of the pore water within an aquifer to steam, which either carries or flushes
contaminants to a vapor extraction point. In addition to the physical destruction of VOCs,
thermal treatment increases microbial activity of dechlorinating bacteria, which enhance the
naturally occurring biological degradation of VOCs.
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ERH involves the placement of a network of electrodes in the subsurface and the application
of current through the subsurface. Resistance to current flow within the subsurface
produces heat. ERH is typically used to raise subsurface temperatures to the boiling point of
the contaminant, causing partial vaporization of the contaminant within the treatment zone.
Steam generated by this process acts as a contaminant carrier and migrates upward to the
__vadose zone, where co-located vapor extraction wells remove the steam for further
treatment at an aboveground treatment system. Because this process relies on elevating the
temperature of water, ERH is only capable of volatilizing constituents with boiling points of
100 °C or less.

Conductive heating involves the application of a network of direct-heating probes installed
within subsurface wells. Heat from the probes, typically installed within a well also used for
vapor extraction, is transmitted through the subsurface by conductance. Conductive heating
is typically used to raise subsurface temperatures significantly above the water boiling
point, forcing the complete vaporization of all pore water near the heating probes.
Vaporized steam can then be extracted at depth without requiring steam to migrate to the
vadose zone.

For the purpose of the FS, it is assumed that the source area is to be treated using ERH
followed by polishing and plume treatment with ERD (Figure 3-2). With the exception of
PCP, all site COPCs have a boiling point of less than 100 °C and can be treated via ERH.
Although PCP has a boiling point of greater than 100 °C, PCP was detected only once in a
sample collected in 1999 from monitoring well LS11-MWO04D and this sample location is not
the area to be remediated by thermal treatment. Additionally, PCP is reductively
dechlorinated by anaerobic bacteria, and hence will be treated by ERD.

The cost estimate for the ERH system and operation was provided by a vendor that
specializes in the construction of ERH systems. However, if ERH is selected as the source
treatment technology for this site, the ultimate design of the system will be completed by the
vendor awarded the work. The cost estimate for Alternative 3 was based on the following
assumptions: the cost estimate prepared by the vendor was representative of the cost to
implement ERH in the designated source area; the source area and plume area are
comparable in size and location as those designated for Alternative 2; and the remainder of
the plume, including the elevated concentrations at monitoring well LS11-MW10D would be
treated and monitored using the approach described for Alternative 2 (e.g., biobarriers,
injection, and monitoring wells).

Because of the thermal stress imposed in the source area, the existing PVC wells located
within the thermal treatment area will need to be abandoned and replaced with stainless
steel wells. The new well should be placed as close as possible to the existing wells and their
screened intervals should be the same as the existing wells so that the analytical data from
these new wells is comparable to the previous sampling data. Also, the new wells should be
constructed with continuous slot well screens since they will be used as injection wells for
the ERD polishing after ERH is completed.

For cost estimating purposes, it was assumed that the ERH system would operate for four
months. However, residual CD remaining in the subsurface from the CD pilot study may
reduce the rate at which COPCs volatilize, thereby resulting in a longer ERH operating
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period. During the period in which the ERH system is operating, groundwater sampling
would be completed after the second and third month of operation, and twice during the
fourth month of operation to monitor the effectiveness of the remedy. If groundwater
concentrations are sufficiently reduced, operation may cease. However, if COPC
concentrations remain elevated or rebound the ERH system will continue to operate. Based
on the effectiveness of this remedy and previous experience it is not anticipated that this
system will be required to operate for greater than nine months.

Since ERH may not reduce concentrations to MCLs, ERD will be used as a polishing step in
the source area. For cost estimating purposes, it was assumed that the ERH system would
operate for four months followed by two subsequent source area ERD injections in year
zero. It was assumed that source area polishing would be necessary for three more years (at
four injections per year). Similar to Alternative 2, it was assumed that the plume would
receive six injections during year zero and three injections per year during years one
through 14. It was assumed that monitoring would be completed as described for
Alternative 2. However to meet the ERH performance monitoring schedule, one additional
sampling round would be completed for VOCs, TOC, methane, ethane, ethane, and volatile
fatty acids (VFAs) during year zero. The monitoring schedule for Alternative 3 is provided
in Table 3-2.
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Evaluation of Remedial Alternatives

Remedial alternatives, including the no action alternative, were developed for Site 11 to
reduce concentrations of VOCs in groundwater to meet the RAO.

4.1 Evaluation Criteria

The remedial alternatives that have been developed for Site 11 are evaluated based on nine
NCP criteria. Each alternative is evaluated and with respect to each NCP criterion and one
another. The purpose of this comparative analysis is to identify the relative advantages and
disadvantages of each alternative and identify the best balance of trade offs for remedy
selection. The Navy developed this FS in partnership with the EPA and VDEQ, and
therefore concurs with the comparative analysis and selection of a preferred remedial
alternative. Community acceptance for selection of a preferred remedial alternative will be
addressed in the ROD for Site 11. The nine NCP criteria are:

e Overall protection of human health and the environment
e Compliance with ARARs

» Long-term effectiveness and permanence

e Reduction of toxicity, mobility, and volume

e Short-term effectiveness

e Implementability

e Cost

e State acceptance

¢ Community acceptance

For the cost analysis, the expenditures required to complete each remedial action are
estimated in terms of both capital and annual operations and maintenance (O&M) costs. All
expenditures for Year 0 were included as capital costs. Assumptions associated with present
worth calculations include a discount rate of 3.1 percent (Office of Management and Budget
(OMB), January 2005), cost estimates in the planning years in constant dollars, and a period
of performance that would vary depending on the activity, but would not exceed 30 years.

The cost estimate for each alternative is provided as an order of magnitude cost estimate
and were estimated from comparable projects (e.g., engineering experience) and quotations.
The estimate has been prepared without equipment specifications, layout, design, or
engineering calculations. The expected level of accuracy is +50 percent to -30 percent. The
cost estimates are in 2005 dollars and are based on the current conceptual design. Cost
estimates for Alternatives 2 and 3 are provided in Appendix E.

4.2 Detailed Analysis of Remedial Alternatives

A summary of the detailed analysis of each remedial alternative is presented below and
summarized in Table 4-1.
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4.2.1 Alternative 1—No Action

Evaluating a “no action” alternative is required by the NCP. Under this alternative, no
further effort or resources would be expended to remediate contaminated groundwater at
Site 11. Because contaminated media would be left on the site, a review of site conditions
would be required every 5 years. Alternative 1 serves as the baseline against which the other
alternatives are judged.

Overall Protection of Human Health and the Environment

The No Action alternative is not protective of human health and the environment. This
alternative does not provide any means to prevent exposure to contaminated groundwater
or measures to reduce contamination to acceptable levels that would allow unlimited use
and unrestricted exposure.

Compliance with ARARs

VOC concentrations in groundwater exceed MCLs. The No Action Alternative does not
include measures to reduce VOC concentrations; therefore Alternative 1 does not comply
with chemical-specific ARARs. There are no location- or action-specific ARARs for this
alternative because no remedial actions would be undertaken.

Long-Term Effectiveness and Permanence

Although groundwater sampling at Site 11 indicates VOCs are undergoing reductive
dechlorination, with no action to enhance this process it is uncertain if the natural
dechlorination could reduce concentrations to levels that would allow unlimited use and
unrestricted exposure, and the time frame for natural dechlorination is considered
unacceptable. Furthermore, LUCs would not be in place to prevent exposure to COPCs.
Therefore the adequacy and reliability of this alternative is very low rendering Alternative 1
ineffective over the long term.

Reduction of Toxicity, Mobility, and Volume through Treatment

Alternative 1 has no feature that would act to reduce toxicity, mobility, or volume through
treatment. Because no remedial actions would be undertaken, reduction of toxicity,
mobility, and volume would only gradually occur as a result of natural processes.

Short-Term Effectiveness

There is no construction associated with this Alternative 1, so there are no adverse short-
term impaCts on workers, the community, or the environment.

Impler}lentability

There are no issues concerning technical implementation of No Action.

Cost

Taking no action would require no capital expenditure.
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4.2.2 Alternative 2: ERD

Alternative 2 involves implementation of ERD technology for treatment within the source
and plume areas, post-treatment groundwater monitoring, and LUCs in the form of land
and groundwater use restrictions.

Overall Protection of Human Health and the Environment

Alternative 2 is protective of human health and the environment. This alternative would
actively treat COPCs and prevent human exposure through the use of LUCs during the
implementation of the remedy until the RAO is met. The use of the biobarrier would also
prevent or minimize the migration of COPC concentrations exceeding MCLs into currently
unaffected media.

Compliance with ARARs

Alternative 2 would comply with chemical-, location-, and action-specific ARARs. Injection
of substrate would enhance naturally occurring biological degradation processes to reduce
VOC concentrations in groundwater, and is expected to comply with chemical-specific
ARARs. The substantive requirements associated with injection and the storage, analysis,
and disposal of waste generated during implementation of this alternative would be met.
Therefore this alternative is expected to comply with location- and action-specific ARARs.
Appendix D contains a detailed evaluation of ARARs for Alternative 2.

Long-Term Effectiveness and Permanence

Alternative 2 would effectively reduce concentrations of VOCs in groundwater to unlimited
use and unrestricted exposure. Naturally occurring degradation processes would be
accelerated by injecting a fermentable organic substrate to stimulate native microbes to
degrade chlorinated solvents. In addition to source treatment, a biobarrier would be
installed along the downgradient edge of the plume. Following the termination of the
substrate injection activities, the aquifer would be conditioned for continued degradation of
VOCs. Consequently, once adequately treated, VOC concentrations would remain below
MCLs assuming that any source material is removed and no external source area is present.

LUCs and 5-year reviews would be implemented until levels allow for unlimited use and
unrestricted exposure. VOCs would be removed through source treatment, plume
treatment, and the installation of a downgradient biobarrier thereby reducing risk
associated with migration of groundwater.

LUCs are expected to be adequate and reliable, and a groundwater monitoring program
would be implemented to substantiate the effectiveness of the remedial action through
tracking groundwater quality COPC over time.

Reduction of Toxicity, Mobility, and Volume through Treatment

Implementation of ERD would reduce the toxicity, mobility and volume of the VOCs in the
source area and plume. Natural processes are expected to occur at an accelerated rate to
degrade the remaining dissolved phase COPCs.
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Short-Term Effectiveness

Alternative 2 requires the initial installation of injection and monitoring wells and regularly
scheduled injections and groundwater monitoring throughout the life of this remedial
action. Investigation derived waste (IDW) requiring disposal would be generated during
well installation and during groundwater monitoring. IDW would be containerized and
temporarily stored on-site prior to disposal at an approved facility. NAB Little Creek
maintains a temporary storage area sufficient to accommodate the small volume of waste
generated during the implementation of this alternative. Health and safety precautions
would be required to protect workers and the community during drilling, transport and
storage of IDW, and throughout subsequent substrate injections. Since ERD is an in situ
technology, impacts to the community, workers and the environment are minimized.

Implementability

Technical Implementability and Availability of Services and Materials

ERD is a proven technology in which the addition of substrate to the subsurface provides
the necessary conditions for dechlorinating bacteria to degrade VOCs. The previous
investigations confirmed abundant populations of dechlorinating bacteria (Appendix B),
thereby reducing uncertainty associated with this alternative.

The installation of the injection and monitoring wells is straightforward and can be
accomplished by an experienced environmental drilling firm. The subsequent substrate
injections follow a basic procedure that can be accomplished with relative ease. Well
locations have been selected to maximize the effectiveness of this alternative while
minimizing disturbance to the site. Nevertheless, disruption to existing land use (parking
lot, access to Building 3602, and landscaped areas) would occur as the wells are installed
and during injection and groundwater monitoring. The management of IDW generated
during well installation, substrate injection, and groundwater monitoring is routinely and
easily implemented.

The effectiveness of ERD would be monitored by analyzing groundwater geochemistry, the
decrease in parent compounds, and presence of daughter products caused by biological
degradation of the parent compound. Groundwater samples collected from up-gradient,
mid-gradient, down-gradient, and side-gradient wells would provide data needed to
monitor changes in VOC concentrations and plume size and location.

Administrative Implementability

Long-term administrative resources for implementation of LUCs and annual reviews would
also be required, and can easily be implemented throughout the duration of this alternative,
which is assumed to be 30 years.

Cost

The present value cost for Alternative 2 is $2,399,000 (Appendix E). The capital cost
associated with Alternative 2 is $499,000 and includes well installation, the first year (Year 0)
of substrate injection, sampling, reporting, and the cost incurred for the implementation of
LUCs. Annual operating costs include substrate injection, sampling, annual site inspections,
and associated reporting. These costs are expected to be incurred through Year 14. Annual
costs are greater during Year 1-7 due to an additional injection (per year) in the source zone.
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The cost associated with the 5-year reviews is presented as periodic costs incurred every 5
years. Long term monitoring costs include sampling to monitor the effectiveness of the
remedy, annual site inspections, and the reporting associated with these activities. Long-
term monitoring costs are provided through year 30.

As described in Section 3.2, this FS assumes sodium lactate would be used as the injectate
for this alternative. Accordingly, the cost for this alternative is estimated using the cost to
purchase sodium lactate as well as the cost for the injection procedures and schedules
associated with the use of sodium lactate. However, a variety of other substrates are
available and the actual cost to implement ERD would be dependent upon the substrate
cost, the number of annual injections, and the effectiveness of the substrate that is ultimately
selected. ,

Because of the uncertainty associated with the time required to reach the RAO, a
conservative number of years for injection was used to estimate the cost of this alternative.
The sampling scheme associated with the implementation of this alternative would provide
a mechanism to evaluate the effectiveness of the remedy. An extension of the injection
schedule may be required if the VOC concentrations are not adequately reduced, thereby
causing a higher cost for the implementation of this alternative. Conversely, the number of
injection may be reduced if VOCs continue to attenuate at an acceptable rate without the
further addition of substrate.

4.2.3 Alternative 3: ERH and ERD

Alternative 3 involves implementation of ERH for treatment of the source area, ERD for a
polishing step following ERH source treatment, and ERD treatment for the plume. The ERH
systern is targeted to accelerate mass reduction of VOCs in the source zone, and ERH and
ERD are expected to increase naturally occurring biological degradation processes to further
reduce VOC concentrations in groundwater. This alternative includes post treatment
groundwater monitoring and LUCs in the form of land and groundwater use restrictions.

Overall Protection of Human Health and the Environment

Alternative 3 is protective of human health and the environment. This alternative would
actively treat COPCs and prevent human exposure through the use of LUCs during the
implementation of the remedy until the RAO is met ensuring protection of human health
and the environment. The use of ERH would provide expedited mass reduction in the
source area. The use of the biobarrier would also minimize the migration of COPCs in
groundwater into unaffected media.

Compliance with ARARs

Alternative 3 is expected to comply with chemical-, location-, and action-specific ARARs. A
system would be constructed to treat vapors generated during ERH operation. Alternative 3
is expected to comply with chemical-specific ARARs. The substantive requirements
associated with injection and the storage, analysis, and disposal of IDW generated during
implementation of this alternative would be met. Therefore this alternative is expected to
comply with location- and action-specific ARARs. Appendix D contains a detailed
evaluation of ARARs for Alternative 3.
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FEASIBILITY STUDY SITE 11 - SCHOOL OF MUSIC PLATING SHOP

Long-Term Effectiveness and Permanence

Alternative 3 would effectively reduce concentrations of VOCs in groundwater to unlimited
use and unrestricted exposure. The increase in subsurface temperature caused by the
operation of the ERH system and the injection of substrate would stimulate the native
dechlorinating microbial populations thereby accelerating the naturally occurring
degradation processes. Additionally, the installation of the biobarrier along the
downgradient edge of the plume would serve as a mechanism to promote continued
degradation of the plume. In conjunction with the implementation of this alternative, the
anaerobic conditions present at Site 11 would provide for continued degradation of VOCs
following the completion of the ERH operation and substrate injections. Therefore, once
adequately treated, VOC concentrations would remain below MCLs assuming that any
source material is removed and no external source area is present.

LUCs and 5-year reviews would be implemented until levels allow for unlimited use and
unrestricted exposure. ERH would expedite mass reduction of VOCs in the source area and
the injection of substrate would enhance biological degradation of VOCs in the plume
thereby mitigating risk associated with the migration of VOCs to currently unaffected
media.

LUCs are expected to be adequate and reliable, and a groundwater monitoring program
would be implemented to substantiate the effectiveness of the remedial action through
tracking groundwater quality and COPC concentrations over time.

Reduction of Toxicity, Mobility, and Volume through Treatment

Alternative 3 would provide a reduction of VOC toxicity, mobility, and volume in the
source and plume through enhanced (physical and biological) degradation of VOC COPCs.

Short-Term Effectiveness

Construction activities for the implementation of Alternative 3 include the abandonment of
monitoring wells in the source zone, the initial installation of injection and monitoring wells
in the source zone and plume, and the installation of an ERH system in the source area.
Additionally, this alternative requires the maintenance of the ERH system during ERH
operation and regularly scheduled injections and groundwater monitoring events. IDW
requiring disposal would be generated during well abandonment, well installation, ERH
installation, and during groundwater monitoring. IDW would be containerized and
temporarily stored on-site prior to disposal at an approved facility.

Health and safety precautions would be required to protect workers and the community
during drilling, ERH operation, transport and storage of IDW, and throughout subsequent
substrate injections. Since ERD is an in situ technology, impacts to the community, works
and the environment are minimized. However, ERH contains ex-situ components including
the power control system, vapor recovery and treatment system, and electrodes. Precautions
would be necessary to minimize impacts to the community, environment, and the operation
of the facility. Additionally, engineering controls would be constructed to prevent exposure
to high voltages.

4-6 WDC030970004.ZIP/KTM
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4 - EVALUATION OF REMEDIAL ALTERNATIVES

Implementability

Technical Implementability and Availability of Services and Materials
ERH is a proven technology capable of providing expedited mass reduction. As a result of
the increase in subsurface temperatures, VOCs are physically degraded and populations of
dechlorinating bacteria are stimulated, providing biological degradation of VOCs. The CD
remaining in the subsurface following the pilot study contributes to the anaerobic
conditions, thereby providing a suitable habit for dechlorinating bacteria. However, it is
unknown how the CD would affect the volatilization of COPCs and the ERH system may

- require a longer than anticipated period of operation. ERD is also a proven technology in
which the addition of substrate to the subsurface provides the necessary conditions for
dechlorinating bacteria to degrade VOCs. Results from microbial analysis confirmed
abundant populations of dechlorinating bacteria (Appendix B), thereby reducing
uncertainty associated with this alternative.

The use of an ERH system requires PVC wells within the ERH treatment area be abandoned
and replaced with stainless steel wells capable of withstanding the heat generated during
operation. The design and construction of the system should be completed by an
experienced vendor familiar with this type of thermal treatment. Following construction, the
ERH system is anticipated to operate for approximately four months. During this time, the
system would require monitoring and upkeep of the vapor recovery system. Since this
system includes ex-situ components, impact to daily use of the site can not be avoided
during system operation. For instance engineering controls would be required to prevent
exposure to high voltages and to the power control system. However, to the greatest extent
possible, the system would be designed with the intent to minimize impacts to the use of the
site.

The abandonment and installation of the injection and monitoring wells is straightforward
and can be accomplished by an experienced environmental drilling firm. The subsequent
substrate injections follow a basic procedure that can accomplished with relative ease. Well
locations have been selected to maximize the effectiveness of this alternative while
minimizing disturbance to the site. Nevertheless, the use of some areas of the site would be
temporarily impeded during well abandonment and installation, substrate injection, and
groundwater monitoring.

IDW generated during well installation, substrate injection, and groundwater monitoring
would be containerized and temporarily stored on-site prior to disposal in an approved
facility. NAB Little Creek routinely manages IDW and maintains a temporary storage area
sufficient to accommodate the small volume of waste generated during the implementation
of this alternative.

The effectiveness of ERH can be measured by the overall decrease in COCs in the source
area, which can be determined by groundwater monitoring throughout and subsequent to
the operation of the ERH system. The effectiveness of ERD can be monitored by analyzing
groundwater geochemistry, the decrease in parent compounds, and presence of daughter
products caused by biological degradation of the parent compound. Groundwater samples
collected from up-gradient, mid-gradient, down-gradient, and side-gradient wells would
provide data needed to monitor changes in VOC concentrations and plume size and
location.
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FEASIBILITY STUDY SITE 11 - SCHOOL OF MUSIC PLATING SHOP

Administrative Implementability
Long-term administrative resources for implementation of LUCs and annual reviews would
also be required throughout the assumed 30-year duration of this alternative.

Cost

The present value cost for Alternative 3 is $2,841,000 (Appendix E). The capital cost
associated with Alternative 2 is $1,047,000 and includes PVC well abandonment in the
source zone followed by stainless steel well installation in the source zone, PVC well
installation in the plume, ERH construction and operation, the first year (Year 0) of substrate
injection, sampling, reporting, and the cost incurred for the implementation of LUCs.
Annual operating costs include substrate injection, sampling, annual site inspections, and
associated reporting. These costs are expected to be incurred through Year 14. Annual costs
are greater during Year 1-3 due to an additional injection (per year) in the source zone. The
cost associated with the 5-year reviews is presented as periodic costs incurred every 5 years.
Long term monitoring costs include sampling to monitor the effectiveness of the remedy,
annual site inspections, and the reporting associated with these activities. Long-term
monitoring costs are provided through year 30.

A vendor quote was used to estimate the cost to construct and operate the ERH system. This
cost may vary based on the actual vendor selected. As described in Section 3.2, this FS
assumes sodium lactate would be used as the injectate for the ERD portion of this
alternative. Accordingly, the cost for ERD is estimated using the cost to purchase sodium
lactate as well as the cost for the injection procedures and schedules associated with the use
of sodium lactate. However, a variety of other substrates are available and the actual cost to
implement ERD would be dependent upon the substrate cost, the number of annual
injections, and the effectiveness of the substrate that is ultimately selected.

Because of the uncertainty associated with the time required to reach the RAO, a
conservative number of years for injection was used to estimate the cost of this alternative.
The sampling scheme associated with the implementation of this alternative would provide
a mechanism to evaluate the effectiveness of the remedy. An extension of the injection
schedule may be required if the VOC concentrations are not adequately reduced, thereby
causing a higher cost for the implementation of this alternative. Conversely, the number of
injection may be reduced if VOCs continue to attenuate at an acceptable rate without the
further addition of substrate.

4.3 Comparative Analysis of Remedial Alternatives

This section provides a comparison analysis to evaluate the relative performance of each
alternative in relation to each other and the NCP criteria. The purpose of this analysis is to
identify the advantages and disadvantages of each alternative relative to one another. A
qualitative comparative analysis employed a ranking system of 1, 3, and 5, with 1 being the
lowest valued metric and 5 being the highest. The results of the ranking for each alternative
are included in Table 4-2.

Alternative 1, no action, is easily implemented, with no concerns for short term effectiveness
and no associate cost. However, Alternative 1 does not provide protection of human health
and the environment, does not comply with ARARSs, is not effective in the long term, and
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4 — EVALUATION OF REMEDIAL ALTERNATIVES

does not reduce toxicity, mobility or volume through treatment. Alternative 1 is serves only
as a baseline for the comparative analysis.

4.3.1 Overall Protection of Human Health and the Environment

The overall assessment of protection draws on the assessments of long-term effectiveness
and permanence, short-term effectiveness, and compliance with ARARs. Alternatives 2 and
3 are both protective of human health and the environment and are comparable in their
evaluation against long-term effectiveness and permanence and compliance with ARARs.
However, as a result of the additional construction associated with the ERH and the ex-situ
component of Alternative 3, Alternative 2 has greater short term effectiveness, and is
therefore the most protective alternative evaluated.

4.3.2 Compliance with ARARs

Alternative 2 and 3 are expected to comply with ARARs. Since vapors extracted during ERH
operation would require treatment, Alternative 3 includes additional ARARs. However, a
vapor recovery system is incorporated in to the design and cost of this alternative, and
would comply with ARARs. Appendix D contains a detailed evaluation of ARARs for
Alternatives 2 and 3.

4.3.3 Long-Term Effectiveness and Permanence

Alternatives 2 and 3 would effectively reduce concentrations of VOCs in groundwater to
unlimited use and unrestricted exposure. The use of ERH in the source zone is expected to
increase the rate of mass reduction in the source zone, thereby decreasing the number of
substrate injections in the source zone. Plume treatment with ERD, monitoring, and LUCs,
are similar for Alternatives 2 and 3. Therefore, these alternatives are considered equally
effective in achieving long-term effectiveness.

4.3.4 Reduction of Toxicity, Mobility, and Volume through Treatment

Alternatives 2 and 3 are similar in their use of substrate to enhance naturally occurring
reductive dechlorination. However, Alternative 3 is most effective in achieving this criterion
since it includes the use of ERH as source treatment to expedite mass reduction of VOCs in
the source area.

4.3.5 Short-Term Effectiveness

The short-term effectiveness associated with Alternatives 2 and 3 are similar with respect to
the implementation of ERD. Alternative 3 however, requires the replacement of wells and
the construction and maintenance of an ERH system. Additionally, since there is an ex-situ
component associated with ERH, there is additional potential for worker, community, and
environmental exposure. Therefore Alternative 2 provides the greatest short-term
effectiveness.

4.3.6 Implementability

The implementability associated with Alternative 2 and the ERD component of Alternative 3
is similar, with the exception that Alternative 3 requires wells located in the source area are
replaced. Since Alternative 3 includes the construction, operation, and maintenance of an
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ERH system, disruption of existing land use (parking, building access, and landscaped
areas) in the vicinity of the School of Music, and difficulty of implementation is greater with
Alternative 3. Alternative 2 is therefore easier to implement than Alternative 3.

4.3.7 Cost

The cost estimate for Alternatives 2 and 3 are provided in Appendix E. The use of ERH
reduces the number of substrate injections in the source area, and therefore reduces annual
injection costs during years three through seven. Nonetheless, the cost associated with
replacing wells in the source area and the construction, operation, and maintenance of the
ERH system for Alternative 3, renders Alternative 2 the most cost effective alternative.
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SECTION 5

Rationale for the Preferred Alternative

The detailed evaluation (Section 4.2) followed by the comparative analysis (Section 4.3) of
the remedial alternatives provided the basis for identifying the preferred alternative.
Alternative 1 does not meet the statutory requirements of the NCP and is not a viable
remedial action for this site. While the ERH component of Alternative 3 allows for expedited
mass removal of the source area, this benefit does not outweigh the cost, greater difficulty
associated with implementation, and lower short-term effectiveness associated with
increased exposure to workers, the community, and the environment during construction,
operation, and maintenance of the ERH system. The balance of trade-offs in the comparative
analysis is illustrated in Table 4-2 and identifies Alternative 2 as the preferred alternative. In
comparison to Alternative 3, Alternative 2 is protective of human health and the
environment, complies with ARARSs, is effective in the short- and long-term, reduces
toxicity, mobility, and volume through treatment, is readily implemented, and is cost
effective. Since, this site contains the anaerobic conditions necessary for reductive
dechlorination the implementation of Alternative 2 would serve to enhance the biological
degradation COPCs that is actively occurring at Site 11.
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Table 1-1

History of Environmental Investigations
Site 11, NAB Little Creek
Virginia Beach, Virginia

E)ate of Report] Author Report Title Purpose of Investigation

[December Rogers, Golden Initial Assessment Study [To identify and assess sites posing a potential threat to human

1984 and Halpern health or to the environment due to contamination from past
hazardous materials operations.

October 1986 |CH2M HILL Final Progress Report Round 1 Verification | To present the results of the Verification Step, Round 1 sampling

Step at Site 11 performed under the NACIP program. 8 soil samples

and 3 groundwater samples were collected for pollutant VOCs
and acid extractables, Chromium 11l & Vi, and cyanide.

November Ebasco Interim Remedial Investigation To determine whether or not further characterization activities or

1991 Environmental remedial action is warranted at Site 11. 3 groundwater samples,

1 tank liquid sample, and 2 tank solid samples were collected
and analyzed for VOCs, acid extractables, and total TAL metals.

and Associated Confirmation Sampling

November Foster Wheeler Final Remedial Investigation/Feasibility To fill information gaps and collect additional site-specific data

1994 Environmental Study necessary to fully evaluate site conditions, determine potential
risks posed by each site, and develop and evaluate remedial
action altematives to mitigate any risks found. 3 groundwater
samples were collected and analyzed for VOCs and total and
dissolved metals. 10 surface soil samples were analyzed for
VOCs and 5 surface soils were analyzed for metals.

May 1996 IT Corporation Draft Final Closeout Report for Site 11 Document the soil conditions after the removal of the
neutralization tank and piping.18 subsurface soil samples were
collected and analyzed for VOCs and 8 metals.

February 1998 |CH2M HILL February 1998. Final Groundwater Monitor and document the groundwater conditions after the

Monitoring Repont, Sites 5 and 11 removal of the neutralization tank and piping. 3 groundwater
samples were collected in March and December for VOCs and

lJune 2004 CH2M HILL Supplemental Remedial Investigation for {DPT and MIP sampling to establish the horizontal and vertical
Site 11 extent of the VOC and PCP plumes, the VOC source area, and
aquifer (shallow and deep) characteristics, to conduct a Human
Health Risk Assessment, and to evaluate the integrity of the
sanitary sewer. Soil, subsurface soil, and groundwater collected
and analyzed for VOCs, SVOCs, and/or metals.
June 2000 CH2M HILL Screening Ecological Risk Assessment, IR |To confirm the absence of poténtial ecological risks.
Sites 5,7, 9, 10, 11, 12, 13, & 16, and
SWMU 3

2002 ESTCP. Boving et |Draft Cyclodextrin Enhanced In-situ Evaluate the in-situ removal of organic contaminants from

al. Removal of Organic Contaminants from groundwater using a cyclodextrin solution.

Groundwater at Department of Defense
Sites

[July 2003 CH2M HILL Summary of Site 11 Cyclodextrin Pilot To assess the impact of the cyclodextrin solution on the
Study Post-Treatment Groundwater groundwater. Groundwater samples were collected and analyzed
Sampling. for VOCs

November CH2M HILL NAB Little Creek Sites 11, 11a, and 13 MIP investigation and groundwater sampling to further assess

2003 Membrane Interface Probe Investigation  |the impact of the cyclodextrin solution on the groundwater.
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Table 1-2
Summary of VOC RME Cancer Risks and Hazard Indices
Site 11, NAB Little Creek
Virginia Beach, Virginia

COPCs with Cancer
[[Receptor Media Exposure Route |Cancer Risk Risks >10™* Hazard Index COPCs with HI > 1
1,1,1-Trichloroethane, 1,1-
Dichloroethene, 1,2-Dichloroethene
(total), Carbon tetrachloride,
Trichloroethene, Vinyl chloride,cis-1,2-
Ingestion NA 5.56E+02 Dichloroethene
Carbon tetrachloride,
Trichloroethene, Vinyl
. Groundwater chloride, 1,1,2- 1,1-Dichloroethane, 1,1-
Future Resident Adult Trichlorosthane, 1,2- Dichloroethene, 1,2-Dichloropropane,
Dichloroethane, Vinyl chioride, trans-1,2-
Chloroform, Methylene Dichloroethene, Carbon tetrachloride
Inhalation 1.3E-02 |chloride 1.1E+02 and Methylene chloride
1,2-Dichloroethene (total), Carbon
tetrachloride, Vinyl chloride,cis-1,2-
Dermal Contact NA 8.3E+01 Dichloroethene
Total 1.3E-02 7.5E+02
Receptor Total 1.3E-02 7.5E+02
1,1,1-Trichloroethane, 1,1-
Dichloroethane, 1,1-Dichloroethene,
1,2-Dichloroethene (total), Carbon
tetrachloride, Methylene chloride,
Trichloroethene, Vinyl chloride, cis-1,2-
Groundwater Dichloroethene, trans-1,2-
Future Resident Child Ingestion NA 1.3E+03 Dichloroethene
Inhalation NA NA
1,2-Dichloroethene (total), Carbon
tetrachloride, Trichloroethene, Vinyl
Dermal Contact NA 1.9E+02 chloride,cis-1,2-Dichloroethene
Total NA 1.6E+03
Receptor Total NA 1.5E+03
Carbon tetrachloride,
Methylene chloride,
Trichloroethene, Vinyl
Future Resident Groundwater Ingestlp n 6.0E 02 lchioride NA
hil/Adult Inhalation NA NA
Carbon tetrachloride,
Dermal Contact 3.5E-03 |Vinyl chloride NA
Total 6.3E-02 NA
Receptor Total 6.3E-02 NA
1.2-Dichloroethene {(total), Carbon
Carbon tetrachloride, tetrachloride, Trichloroethene, Vinyl
Future Industrial Worker Groundwater Ingestipn 6.1E-04 _ |Vinyl chloride 2.0E+02 chloride, cis-1,2-Dichloroethene
Inhalation NA NA
Dermal Contact NA NA
Total 6.1E-04 2.0E+02
Receptor Total 6.1E-04 2.0E+02
Ingestion NA NA
Inhalation 3.5E-05 6.9E+00 1,1-Dichloroethane, Vinyi chloride
Future Construction Groundwater 1,2-Dichloroethene (total), Carbon
Worker Dermal Contact 8.3E-05 5.5E+01 tetrachloride, Vinyl chloride
Total 1.2E-04 6.2E+01
Receptor Total 1.2E-04 5.5E+01

Note: Pentachloropheno! exceeds acceptable risks associated with residential dermal exposure to groundwater and will be addressed with this FS.
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Table 2-1
Summary of Groundwater PRGs
Site 11, NAB Little Creek
Virginia Beach, Virginia

PRG
COPC (UGIL) SOURCE
1,1,1-Trichloroethane 200 MCL i
1,1,2-Trichloroethane 5 MCL i
1,1-Dichloroethane 2,900 Calculated PRG” II
1,1-Dichloroethene 7 MCL
1,2-Dichloroethane 5 MCL
1,2-Dichloropropane 5 MCL
Carbon tetrachloride 5 MCL
“Chloroform 80 MCL II
[Methylene chioride 5 MCL
I[Trichloroethene 5 MCL
inyl chloride 2 MCL
cis-1,2-Dichloroethene 70 MCL
rans-1,2-Dichloroethene 100 MCL

*PRG Calculation is provided in Appendix C and is based on USEPA Guidance Document.

USEPA. December 1991. Risk Assessment Guidance for Superfund, Volume 1 -Human Health

Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals). EPA/540/R-

92/003.



Table 3-1
Alternative 2 - ERD
Proposed Performance Monitoring Schedule
Site 11, NAB Little Creek

Virginia Beach, Virginia

e
Parameter First Year Year 1-14 Year 15+
Microbiological parameters:
(Dehalococcoides, Dehalobacter, BAV-1*, and
phospholipid fatty acids) Semi-annually NA NA
Field parameters: Monthly for first 6 months
(pH, temperature, dissolved oxygen, oxidation- Bimonthly rest of year Quarterly
reduction potential, specific conductance) (9 events) (4 events per year) Annually
Monthly for first 6 months
Total organic carbon, methane, ethane, ethene, Bimonthly rest of year Quarterly
volatile organic compounds (9 events) (4 events per year) Annually
Geochemical parameters:
(dissolved iron, dissolved manganese, sulfate,
sulfide) : Bimonthly Semi-annually Annually
Monthly for first 6 months
Bimonthly rest of year
Volatile fatty acids (9 events) Annually Annually

* Analysis of functional gene for strain BAV-1, which is associated with the reductive dechlorination of vinyi chioride
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Table 3-2
Alternative 3 - ERH & ERD

Site 11, NAB Little Creek

Virginia Beach, Virginia

Proposed Performance Monitoring Schedule

Parameter First Year Year 1-14 Year 15+

Microbiological parameters:

(Dehalococcoides, Dehalobacter, BAV-1*, and

phospholipid fatty acids) Semi-annually NA NA
Monthly for first 6 months, with 2

Field parameters: events in month four.

(pH, temperature, dissolved oxygen, oxidation- Bimonthly rest of year Quarterly

reduction potential, specific conductance) {10 events) (4 events per year) Annually
Monthly for first 6 months, with 2
events in month four.

Total organic carbon, methane, ethane, ethene, Bimonthly rest of year Quarterly

volatile organic compounds (10 events) (4 svents per year) Annually

Geochemical parameters:

(dissolved iron, dissolved manganese, sulfate,

sulfide) Bimonthly Semi-annually Annually
Monthly for first 6 months, with 2
events in month four.
Bimonthly rest of year

Volatile fatty acids (10 events) Annually _Annually

* Analysis of functional gene for strain BAV-1, which is associated with the reductive dechiorination of vinyl chloride
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Table 4-1
Detailed Evaluatlon of Remedial Alternatives
Site 11 FS, NAB Little Creek
Virginia Beach, Virginia

p——
Evaluation Criteria

Alternative 1
No Action

Alternative 2
ERD

Alternative 3
ERH & ERD

Overall Protection of
Human Health and the
Environment

Not protective of human heaith and
the environment.

Adequate protection of human health and the environment
through groundwater treatment. LUCs and a groundwater
monitoring will enusre protection is maintained.

Adequate protection of human health and the environment through
groundwater treatment. LUCs and a groundwater monitoring will enusre
protection is maintained,

Compliance with

Doss not achieve ARARSs.

Alternative 2 will comply with chemical-, location-, and action-

Alternative 3 will comply with chemical-, location-, and action-spscific

ARARs specific ARARs. ARARs.

Long-Term Does not provide long-term This alternative would provide long-term effectiveness and This alternative would provide long-term effectiveness and permanance.
Effectivensss and effectiveness and permanance. permanance,

Permanence

Reduction of Toxicity,
Mobillty, and Volume
Through Treatment

Does no provides reduction of toxicity,
mobility, and volume through
treatment,

Alternative 2 is expected to reduce toxicity, mobility, and
volume through treatment via substrate injection to enhance
blological degradation of VOCs in the source area, the area
proximal to LS11-MW10D, and as a biobarrier in the
downgradient plume.

Alternative 3 is expected to reduce toxicity, mobility, and volume through
treatment via ERH in the source zone and ERD in the source area, the
area proximal to L.S11-MW10D, and as a biobarrier in the downgradient
plume,

Short Term
{Effectiveness

No concerns for short term
effectiveness.

Alternative 2 requires the installation of monitoring and
injection wells and regularly scheduled injections and
monitoring events throughout the life of the project. Potential
exposures associated with Alternative 2 would be minimized
with appropriate protective equipment.

Alternative 3 requires well abandonment, well installation, construction and
operation of the ERH system, and regularly scheduled injections and
monitoring events throughout the life of the project. Potential exposures
associated with Alternative 3 would be minimized with appropriate
protective equipment, Since ERH includes an ex situ component,
engineering controls will be required.

Flmplementablllty

No action is easily implemented.

ERD is a proven technology, Wells can be installed by an
experienced environmental drilling company. Disruption to
current land use will occur during well installation, injection,
and groundwater monitoring events.

This alternative is administratively feasible.

ERH and ERD are proven technologies. Well abandonment and installation|
can be completed by an experienced environmental drilling company.
Disruption to current land use will occur during well Installation, injection,
and groundwater monitoring events. Additionally, since the ERH system
has an ex situ component daily use of the site will be impeded during
operation and construction and engineering controls will be required.

This alternative is administratively feasible.

FPresent Value Cost

$0

$2,399,000

$2,841,000




Table 4-2

Comparative Analysis of Remedial Alternatives
Site 11 FS, NAB Little Creek
Virginia Beach, Virginia

Evaluation Criteria Alternative 1 Alternative 2 Alternative 3
No Action ERD ERH & ERD
I
rOveraII Protection of
Human Health and the 1 5 3
Environment
Compliance with
IARARs L 5 5
Long-Term
Effectiveness and 1 5 5
Permanence
Reduction of Toxicity,
Mobility, and Volume 1 3 5
Through Treatment
Short Term
Effectiveness 5 3 1
Implementability 5 3 1
Cost 5 3 1 ¥
Total 19 21

Qualitative comparative analysis of alternatives using a rating scale of 1, 3, and 5 (1 = lowest score, 5 = highest score)
Shading designates the preferred alternative.
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